We propose a new mechanism of planetary magnetic field generation based on gravity influence on atomic nuclei of matter inside a planet. This results in displacement of nuclei depthward the centre of a planet, i.e. in polarization of electrically neutral matter and induction of radially directed electric dipoles. Diurnal axial rotation of a planet causes the dipoles to originate circular electric currents producing magnetic field. Calculated magnetic moments of terrestrial and outer planets and some of satellites are compared with their observed values.
electrically neutral matter are polarized and a radially directed electric dipole is induced in each low-level cell of matter. Due to axial rotation of a planet the induced dipoles originate electric currents which produce planetary magnetic field.
Let us evaluate the magnitude of the gravity-induced electric dipole. Consider the vibration of nucleus to be harmonic the nucleus is subjected to, on the one hand, the force −µω 2 l, where µ, ω and l are nuclear mass, vibration frequency and displacement of the nucleus respectively, and, on the other hand, the gravity µg. Then resultant displacement of the nucleus relative to its equilibrium position is g/ω 2 . Thus in each low-level cell with volume v an electric dipole is induced resulting in polarization P = Z|e|g/(vω 2 ), where Z|e| is the nuclear charge. Note that all these quantities (g, Z, ω and v) depend on their coordinates inside a planet. Fig. 1 . The rotating dipole per volume v, LQ, inside a planet. Rotation axis z directed from planetary centre to the North Pole. LQ is directed along r.
To deduce the simple equation for planetary magnetic moment consider a planet to be ball-shaped with radius equal to its mean value, R, with symmetrical distribution of mass density so the acceleration of gravity, g, and gravity-induced electric polarization, P, have only their radial components, g and P . Let electric dipole per volume v, P = LQ, rotates as in Fig. 1 .
Being rotated, charges ±Q originate circular currents ±Q/T , where T -period of rotation. Corresponding magnetic moments are directed along z, their magnitudes, m ± = ±πQ(r ∓L/2) 2 sin 2 θ/T . Then magnetic moment produced by the rotating dipole is m = m + + m − = −2πP r sin 2 θ/T .
To evaluate the total planetary magnetic moment, M, directed along z too, we integrate m over the volume of a planet, taking into account that the circuit of each circular current contains 2πr sin θv −1/3 dipoles, therefore angle dϕ contains r sin θv −1/3 dϕ dipoles. As a result one can easily have:
HereZ|e|,ω,v andḡ are characteristic values of nuclear charge, vibration frequency, low-level cell volume and acceleration of gravity respectively;ḡ is approximately equal to its value at planetary surface (this approach is quite well for Earth).
Now one can calculate the magnetic moment of every planet (or satellite) for whichZ,ω andv, that is chemical composition and electronic structure of matter, are known. Note thatḡ, T and R are reference data.
Chemical composition of planetary interior is known for certain only for Earth 1 . However, based on known data about other planets one may suppose the following: interior of terrestrial planets is similar to Earth's interior, interior of gas giants (Jupiter and Saturn), considered with certainty composed of molecular hydrogen, and interior of ice giants (Uranus and Neptune) -composed of molecular hydrogen (40%) and of water and methane (60%). ThenZ = 11.6 andω = 1.22 · 10 14 s −1 for all terrestrial planets. At that forω the Debye theory estimation is assumed,ω ≃c(6π 2 /v) 1/3 , wherec -mean speed of sound in matter accepted equal to its value in granite, 6 000 m/s. For outer planetsω is accepted equal to the vibration frequency of molecular hydrogen, 1.52 · 10 15 s −1 , andZ ≃ 1. Low-level cell volume,v, is evaluated from value of planetary mean mass density,ρ, in g/cm 3 , supposing that mass of low-level cell is 2Z amu. Then one obtainsv = 3.32Z/ρ, inÅ 3 .
Internal structure of Io and Europa are similar to that of the terrestrial planets so let the above assumptions for Earth be applied for them too. Ganymede, Callisto and Titan are accepted to be composed of silicate rock and water ice, therefore it is correctly to assumeZ ≃ 6 andω as that for Earth. For Pluto we also assume Earth-like parameters.
Calculated magnetic moments of planets and satellites and their observed values collected in Table 1 . Observed data for magnetic moments are taken from [34] (see also [35] and references therein).
As it is shown in Table 1 , magnetic moments of the most of the planets and satellites (including Mercury and Earth) agree fundamentally with their observed values. Results for Venus and Mars differ in two order of magnitude. Table 1 Planetary acceleration of gravity at surface,ḡ, period of axial rotation, T , mean radius, R, low-level cell volume,v, calculated magnetic moment, M calc , and its observed value, M obs . Negative T means the planet/satellite is in retrograde rotation. θ is inclination angle of M obs relative to the rotation axis of a planet (note in our approach M calc directed along the rotation axis). Type of the planetary magnetosphere is also pointed out: own, meant where value forθ is given, and induced by interaction of solar wind with ionosphere, where that is absent. Magnetic fields of Europa and Callisto are strongly influenced by ambient jovian magnetic field. In the last column is indicated either the dynamo theory can predict magnetic field or not [35, 36] . There is also a comparison for Sun, for which the interior was assumed Jupiter-like, composed of molecular hydrogen. This may be explained by that magnetospheres of Venus and Mars are basically produced by interaction of solar wind with their ionospheres, and therefore their own magnetic fields are suppressed. Similar explanation can be provided for Europa and Callisto which magnetic fields are strongly influenced by ambient jovian magnetic field. Appreciably that for the terrestrial planets the signs of the compared calculated and observed magnetic moments are the same.
In principle, to calculate the magnitude and direction of planetary magnetic moment more precisely one should take into account the actual information about matter inside a planet related to its physicochemical properties, as for instance, mass density distribution, chemical composition, electronic structure of corresponding components, etc. Then instead ofḡ,Z,ω andv one uses their more accurate values depending on coordinates inside a planet. Inclination of magnetic moment will be taken into account considering non-radial electric polarization P.
Calculated and observed magnetic moments of gas giants, Jupiter and Saturn, even differ in their sign. But that is not surprising: atmospheric, surface and interior processes of outer planets excel in high-energy (permanent giant storm-areas, thunderstorms, hurricanes with gust up to 1 500 km/hour, inhomogeneous surface rotation, heat fluxes upward the space, etc.) and influence strongly on their magnetospheres. However principal agreement of the compared magnetic moments in magnitude is intriguing. Good agreement for ice giants, Uranus and Neptune, is pleasant but the issue on the inclinations remains open.
Results for Moon and Sun which magnetic fields are patchy are demonstrative.
We should also note that the phenomenon of planetary magnetism can not be entirely explained by gravity-induced electric polarization of matter inside a planet, as that is considered in this paper, because for known arrays of Earth's palaeomagnetic data explanation is not provided. Nevertheless, the presence of constant component of magnetic field directed along the rotation axis of a planet, as it is assumed and proved in this paper 2 , at least can provide important constraints on the dynamo theory and variations of planetary magnetic fields.
